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Abstract. We present here plasma data from the Polar HYDRA instrument giving
comprehensive coverage of the inner magnetospheric regionfiren2 outward.

Data is projected to an equatorial reference plane yielding a global view of the inner
extend of the plasma sheet. We determine the inner boundary for plasma sheet
electrons and ions in therange 0.05 — 5@V nT ! and we compare these to the
predicted Alfven boundaries as a function of the geomagnetic activity ifdexin
general, the simple conventional drift paradigm is shown to be globally consistent
with the averaged data in the inner magnetosphere, with electrons adhering better
to the predicted boundaries than ions. The data are further compared to the
geosynchronous slice as measured by the Los Alamos Magnetospheric Plasma
Analyzer (MPA) which measures the crossing point of the Atfhboundaries at
geosynchronous altitudes with much better statistical resolution than Polar. Integral
to the drift model used is an assumption about the form of the global electric field.
The agreement with data validates the simple corotation and convection electric
field used and shows that this model describes well the average transport for a wide
range of geomagnetic activity and over a large part of the inner magnetosphere.

1. Introduction darie et al, 1997] use the plasma sheet as an outer bound-
ary condition (often based on Los Alamos geosynchronous

. ) ) data).
The plasma sheet is an important source region for much All the above dynamics depend critically on where and

of the hot pla;ma opserved in the 'mnér (< 8.) magneto- when particles have access to the inner magnetosphere. In
sphere. This s true, in general, during quu_et times (steady Ofhis study we expand on previous work doneKayth et al.
“backgrpund” convection) anq even more important for dis- H999] andMaurice et al.[1998]. Both these studies ex-
turbed times such as magnetic storms and substorms, Whear‘nined the plasma environment at geosynchronous orbit in

n general, hot plasma hgs temporally limited access to th% statistical sense, witkorth et al. [1999] expanding this
innermost magnetospheric regions.

i ) ) ) to cover allKp conditions.Korth et al.[1999] also applied
Detailed simulations byBirn et al. [1997, 1998] and

| ’ I the conventional particle drift paradigm to their observations
Toivanen et al{1999], which model the injection of ener- 54 ere able to show that a simple parameterization of the
getic particles at substorm onset, all depend on some neagynyection electric field strength withip, together with the

Earth reservoir in the plasma sheet, from which particles CaRoncept of Alfién boundaries, was exceptionally success-
be moved from open to closed drift paths. The same mechgy i ordering their data and in understanding the average

nism on a grander scale is invoked for storm time particle i”'plasma sheet access to geosynchronous orbit during both
jections and increases of the ring current, which can capturguiet and disturbed times.

Iar_ge portions of _the near-Earth plasma sheet onto close This work expands the results of both these previous stud-
drift paths. For this reason many ring current or inner mag-

netospheric transport codedofdanova et al. 1998: Bour- ies to cover the entire inner magnetosphere by using data
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from the Polar HYDRA instrument. Apart from showing sense. We use an electric potential configuration due to su-
excellent agreement with the geosynchronous “slice” examperposition of a shielded cross-tail electric field with a coro-
ined byKorth et al.[1999], this study is able to show that tation electric field Yolland, 1973;Stern 1975]:
the same models and assumptions used in that study suc- a Yo
cessfully order the plasma sheet access to the inner zone in U= T br? sin(¢) , (4)
a g_Io_baI SENse. We_ th_us expand our ab_|llty 0 examine th%vherer is the distance from the center of the Earths the
validity of the electric field models used in determining the . : . ST

. . . . . magnetic local time referred to from noeris the shielding
theoretical particle access boundaries (A&tivboundaries). factor. anda — 92.4 KV R-! is the corotation constant
Low p drifts are controlled chiefly by the electric field: Fit- ’ O E '

ting good boundaries to data then shows the global validityThe convection electric fieltl can be parameterized by the

of the electric field models used, albeit in an average, Statis[nagnetosphenc activity level represented by kfeindex;

tical sense for a shielding factor ofy = 2 this dependence has been
' expressed adMaynard and Chenl975]
. . 0.045
2. Particle Drift b= (5)

(1 —0.159Kp + 0.0093Kp?)3 ’

This work uses the (U,B,K) formulation introduced by \here units ar&V Ry;2. In this formulation, particle fluxes
Whipple[1978]. This framework for analyzing particle drift gnou1d pe organized by the boundaries between the open

trajectories and access to the inner magnetosphere has alggq closed drift trajectories. These boundaries are known
recently been used tyheldon and Spen¢e997], Whipple 55 the Alfién layers, which can be simply identified as

et al.[1998], andKorth et al.[1999]. The (U,B,K) formula-  giraignt lines tangent to the potential bounding curves in the
tion defines a particle’s total energy in terms of the eIectrlc(U’ B, K) space.

potential and the magnetic field:
2.1. Components of Drifts
Wtot = qU + ,UBm ) (1) . i . . .
In the discussion that follows it will be useful to split up

Whereq is the partic|e's Chargm is the magnetic moment, the overall partiCle drifts discussed in section 2 into their
andU andBm represent the electric potentia| and the mag_ComponentS. This will be useful in Understanding the differ-
netic field strength at the mirror point, respectively. In this €nt dynamics of ions and electrons.

coordinate system all particle trajectories become simple
straight lines with a slope proportional to the particle’s mag-
netic moment:

u(ExB)Je,i]

convection
———
ou In 2
> — =—-=. 2 c
5 Y
The quantityK is proportional to the true longitudinal 8 /@/ §
invariant.J and is defined as E (co-rot) &' E (co-rot) )
— —_— ©®B g
K@) = $IBE) - B ds ® d . g
o LLl
S
where s is the distance along the field line going through ) o
pointr. %, .
Assuming an equatorial pitch angle@f° for the model, u (ExB) e, i]

X . convection
the K coordinate may be omitted arg},, may be replaced -

by the equatorial magnetic field strength. We will show in
section 4.2 that this is a reasonable assumption to make: All

the calculations of Alfen layers for data comparison in this Figure 1. Components of particle drift in the magneto-
paper are fo’ = 0. sphere.

For the calculations of Alfgh layers we use a simple
dipole for the magnetic field model, since thisis a very good Figure 1 shows a simplified schematic of the equatorial
approximation for the inner magnetosphere in a statisticaplane. Large-scale electric fields (dawn-dusk and corota-
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Figure 2. Electron drift trajectories for fout values in the equatorial plane with arrows showing the direction of drift.

tion) and their associated x B drifts u are shown (sunward each graph in Figure 2, regions of open and closed drift tra-
for dawn-dusk electric field, eastward for corotation electricjectories can be identified. Open drift trajectories transport
field); they are in the same direction for electrons and ionsfresh plasma sheet material from the magnetotail in toward
The magnitudes of these drifts are independent of energy antthe Earth and around it. Near the Earth the drift trajectories
depend only on the electric and magnetic fields. form closed orbits that are not accessible by the plasma sheet
Particles further undergo gradient and curvature driftsPopulationarriving from the tail. Particles on the closed drift

owing to the nonhomogeneous magnetic field strengthtrajectories can complete many orbits around the Earth. The
These drifts are in the opposite direction for electrons (eastboundary separating these two regions is the ésfielyer.

ward) and ions (westward). The magnitudes of these drifts i
are dependent on energy. 2.2. Use of Alfi\en Layer Concept

The total drift of any particle is the combination of all We can use the drift access argument to “predict” the re-
the above drifts. In general, lower-energy particles havegions and energies which should be populated by significant
their drifts dominated by the “electric field drifts” while flux levels. For the lowest-energy, cold plasma population
the highest-energy particles are dominated by the “magnetic< 20 eV) the predominant source is the ionosphere. These
field drifts.” For a more detailed discussion of these drifts, fluxes can only become significant on closed drift shells,
seeRoedere1970]. where particles are trapped for many orbits and fluxes can

The combined drifts for electrons are shown in Figure 2build up. Particles on open drift trajectories are lost on the
(taken fromLyons and William$1984]) for a range ofi. In timescale of hours and cannot build up. Thus, for this en-

ergy range we would expect the Aéfialayer to be a bound-
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ary between high fluxes on the earthward side and low fluxe
elsewhere.

For higher energies{ 100 eV) the main source is the
plasma sheet, and the access is by convection and gra
ent/curvature drift. For this energy range we would ex-
pect the Alf\én layer to be a boundary between low fluxes
on the earthward side and high fluxes elsewhere. Durin
disturbed, stormtime conditions when the convection elec
tric field strength changes, the Alm layer position can
change by severaky on short timescales: These higher-
energy particles can be captured onto closed drift shells i
thattime. This is the major mechanism leading to the storm | . . .
time buildup of the ring currenJilliams, 1987;Korth et al, 80 60 40 20 0 20
2000, accepted]. However, since loss processes are active x (GSM)
all times (for electrons, particle precipitation by scattering
into the loss cone through wave-particle interactiéiél
and Thorne 1998a, b]; for ions, coulomb scattering and
qharge exchangeﬁ{)k et aI_, 1991]), these trapped popula- use data from the Magnetic Field Instrument (MMRugsell
tions cannot persist over time. et al, 1995] to calculate in sity values for the locally mir-

The same loss mechanisms also act outside theeAlfv” (qring population (see section 4.2).
layer on particles on open drift shells. The longer a given
particle is exposed to these loss mechanisms, the higher thf .
probability of its loss. This leads to the lower particle fluxes ™- Data Analysis

observed on the dayside, for both electrons and ions. This e .
: T : To “see” the global access of plasma sheet particles to the
loss gap is expected to become wider in local time for lower-.

: : : . inner magnetosphere we need to establish a common refer-
energy particles which drift slower and spend more time sub- . . T : .
. ence, both in physical space and in invariant space. Particle
ject to these losses. . . . ;
trajectories have commonly been analyzed in the equatorial

plane, as is the case for this paper. The physical quantity

y (GSM)

Figure 3. Equatorial crossings in GSM coordinates of the
field lines threading Polar’s orbits during 1997.

3. Mission and Instrumentation conserved by drifting particles is their first adiabatic invari-
antu. We thus project all Polar measurements along field
The Polar spacecraft has an elliptical oroitl.8 — 9R g lines to the geomagnetic equator at constant

at86° inclination. The spacecraft traverses the inner region

field lines four times each orbit, at different magnetic lo- 4.1, Equatorial Field Line Crossings

cal times (MLT’s) and at different magnetic latitudes. All

MLT’s are covered within half a year, and the field lines  Plate 1 shows the data coverage in the equatorial plane

threading Polar’s orbit cover virtually the whole of the mag- for the period of study. The bin size for accumulating data

netosphere. Figure 3 shows the equatorial crossing points ¢$ 0.5 B x 0.5 Rp, and the coverage data is fopavalue

the field lines threading the position of Polar for one whole©f 2eV nT ! (using the measurel), which is covered by

year (1997). For more details on the field line tracing useddYDRA throughout a Polar orbit (see Figure 5).

here, see section 4.1. We use here the Tsyganenko Bp-dependent magnetic
Polar has been operating continuously for over 4 yearsﬁG'd model as the external magnetic field and a dlpole + tilt

While most attention has been on boundary crossings ant9r the internal field. The choice of model was dictated by

examinations of the cusp, Polar also offers a continuing covihe speed of execution, as we needed to calculate the field

erage of the inner magnetosphere. Here we are interestéies threading each Polar position (at 1-min time resolu-

in plasma sheet particle access to the inner magnetospheﬂ-gn). Inclusion of the International Geomagnetic Reference

and we restrict ourselves to15 Rg in GSM X andY inthe Field (lGRF) internal model would have Severely increased

equatorial plane. For this study we use particle data from théhe execution time, and for the majority of the region cov-

HYDRA plasma instrumen§cudder et a) 1995] forthe pe- ~ ered by Polar 2 Rg) the higher-order terms of the IGRF

riod March 1996 to December 1998. HYDRA measures theexpansion can be neglected.

fullion and electron distribution functions at subspin resolu-  For each satellite position we traced the field line to the

tion (< 6 s) for the energy range of 20-20,000 eV. We furtherequatorial plane using magnetic field model dtd for that
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Plate 1.Data coverage in the equatorial plane far\2nT ! particles.

period. Inclusion of thid{p dependence is essential, as our the presentation of data here. Data are binned according to

model/data comparisons are parameterized&ly To take  Kp ranges, summing ranges together to obtain better statis-

account of the nightside “hinge region” (the region where thetics and to conform to thé&(p ranges used in the magnetic

magnetotail transition to the inner, more dipolar magneto<ield model for the tracing, which are limited to integer val-

sphere occurs), we use two definitions of “equatorial plane.'ues. All the highesf{p data are binned together since the

On the dayside the equatorial crossing point of the field linefrequency of occurrence is very low féfp > 6. The corre-

is taken as the point where the field line crosses the GSMspondence between model input and the “rd@p used to

z = 0 plane. On the nightside the equatorial crossing isdivide the data is shown in Table 1.

taken at the point where the mqgnetlc field direction is per-  The z andy ranges for each plot in Plate 1 are in GSM

pendicular to the radial directiodt A| B| = 0). This defini-  coordinates. The color intensity scale indicates the number

tion is equivalent to thés,,.i, point but more sensitive, since of samples that contribute to eadts Ry x 0.5 Ry bin

for quite a range of magnetic latitudes near the equator, (values> 120 are assigned red). Coverage in the inner mag-

is very close taBy;x (this gets worse with radial distance). netosphere is uniformly high, and up to Bg; the number of

The use of the GSM = 0 plane on the dayside was moti- samples remains generally above 35. Since fopthenges

vated simply by computational speed and the fact that in thigonsidered here the Aléri layer is generally within 1®,

region itis a good approximation. we are sure that we have adequate samples to investigate
Plate 1 is in the same format as that used throughout fothat boundary. Outside of 1By the number of samples is
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Table 1. Correspondence Between T&% Inputand Data  Table 2. K Values used in Figure 4 With Equatorial Pitch

Binning Ranges Angles and Mirror Latitude
Kp Type Kp Ranges K,\/(nT)Rg At6.6 Rg At4.0Rg
a b f (U,B,K) Qeq, deg A, deg  a.q, deg A, deg
T87 Kp*® 0 1 5 0 90 0 90 0
DataKp 0-0+ 1- -1+ 5-orup 5 72 9 74 8
10 66 12 68 11
*T87 takes only integeK p in the range 0-5 as input. 50 44 24 48 21
100 33 31 37 28
250 20 41 23 39

low enough so that individual events can dominate the aver:
age flux observed in a given bin. Data coverage reflects the
distribution of Kp for the study period. In the inner zone
(< 10 Rg), coverage remains fairly uniform up to tiép
4— to 4+ range.

geosynchronous and beyond. Particles with different val-
ues of K (equatorial pitch angle) have slightly different drift
paths for the samg. This, in turn, yields slightly different
The high number of samples near the dayside magneafyen boundaries. In Figure 4 we show a sample of the

topause is a function of the critical mapping of field lines yariation of the Alfvén boundary fop: = 10 eV/nT elec-
near the cusp, where field lines close together in the cusggns for the values o shown in Table 2.

can map to widely different regions downtail. This mag-
nifies any differences between the model field lines and the ~ 1°
real field lines, making the mapping unreliable in that region.

. . o . 10 ¢ K=100 1
4.2. Comparison by First Adiabatic Invariant

In the simple drift scenario presented in section 2 all parti- 5
cles with a given value of the first adiabatic invariardrift
together. We can calculage at any point along the Polar

o
orbit using the locally mirroringq90° pitch angle at mirror s 0
magnetic latitude\,,,) particles at energ¥;, and the in situ > \/

magnetic field magnitudB:

K=0,5,10

5 | i
mv?  Ey
p= =— - (6)
2B B .10 + ,
Sincey is conserved along a field line (and everywhere
else), this represents the equatoriadf the particle. How- .15 ‘ ‘ ‘ ‘
ever, the samg@ measured at various magnetic latitudg} ( -15 -10 -5 0 5 10 15
represents particles with different pitch angtes (or dif- Xou, R

ferentK in theU, B, K formulation) and different energies

at the equator. Most of the Aléri boundaries for consid-  Figure 4. Variation of the Alfwn boundary for 18V nT—*

ered in this study lie betweenR; and geosynchronous (6.6 electronsKp = 4.5, v = 2, for severalK (see Table 2).
Rp). For the period of this study, the Polar satellite crosses

the field Iines t_hat connect to the equatorial plane @t In general, for equatorial pitch angles up2% degrees
at magnetic latitudes df° to ~ £25°, and geosynchronous  away from90° (X up to 10) the Alfen boundaries are iden-
(6.6 ) at magnetic latitudes of £(25° — 40°). tical, and the particles stay withird® of the magnetic equa-

Table 2 shows the values of equatorial pitch angle relatedor. Beyond that, as particles traverse more and more of the
to the latitude of their mirror point along a field lin@Q° field line each bounce, the Alér boundary is shifted no-
pitch angle) and the corresponding valugfor these two  ticeably outward. This change becomes progressively larger
values of Rg. K starts exceeding 100 for the region near as the particles become more field aligned. For the present
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study, especially at the highdtp values, the theoretical
Alfv'en boundaries lie in an area for which thevalue for Table 3. Correspondence Betwegrialues and
the mapped Polar dat'a is below 100, gnd as can be seen Equivalent Particle Energy atSseveRa

from Figure 4 the variation of the Al boundaries for
K =0-100 is small, of the order of the resolution of our |, oy nT-! eV, Rp=4 eV, geo eVR=10
data binning(.5 Rg x 0.5 REg).

In this study the mapped data along a given Alv’ 0.05 25 6.25 15
boundary never has a constdiit as the average magnetic 0.1 50 12.5 3.0
latitude of Polar changes. However, as we can see from Fig- 0.2 100 25.0 6.0
ure 4, for the region from near geosynchronous inward this 0.5 250 62.5 15
is of little consequence as the variation of the A&lf\bound- 1.0 500 125 30
aries withK is small in that region. Since the general shape 2.0 1000 250 60
of the Alfven boundaries is preserved as a functioAgfind 5.0 2500 625 150
we are in principle unable to pick a singl€ for a bound- 10.0 5000 1250 300
ary, we perform all calculations of the AW boundaries 20.0 10000 2500 600
for K = 0, and we expect this boundary to be representative ~ 90.0 25000 6250 1500

for all observedk near and within geosynchronous altitude.
This assumption, at least for electrons, is corroborated by the
good data/model fit presented later (section 5). Rg.

Polar samples the particle distribution over a large range We make no attempt here to transform the in situ flux
of magnetic latitudes and magnetic field strengths, thus thenagnitude to the equator. For the current work the abso-
range ofu sampled along the orbit changes constantly. How-lute magnitude of equatorial plasma sheet fluxes are of less
ever, HYDRASs energy range and the range of magnetidmportance, as we can use steep gradients in the observed
field strengths encountered during an orbit allow for an al-mapped particle distributions in the equatorial plane to de-
most complete coverage for a rangewofrom 0.05 to 50.0  termine the Alf\én boundaries.
eV nT~! (Figure 5).

5. Observations

100.00 3 50000 oV The results of our analysis are shown here for fwo
] values only. The results for ajl used in this study are
— 10.00+ \/ 3 available on-line, for both electrons and ions (http://nis-
= ] www.lanl.gov/ friedel/publ/firstauthor/psa). The format of
> 1.00 3 3 the plots in this section is the same as that described in sec-
L ] - tion 4.1, with the addition of the Alfen boundaries overplot-
3 0.10 +4 B ¢ ted onto the data. The color bar represents the average flux
] observed in each bin. All boundaries are calculated by the
0.01 4 \/ 3 same process as that usedKxyrth et al.[1999], using the
] electric and magnetic field models described in section 2. In

0 4 8 12 18 20 24 the discussion that fo_IIov_vs we further use_the common lo-
H cators noon, dawn, midnight and dusk, which correspond to
ours GSM XY (15,0), (0,-15), (0,-15), and (0,15), respectively.

Figure 5. Variation of u over a sample Polar orbit on Febru-

ary 22, 1998. Lower line shows the variation for the 20

eV channel, and the upper line shows the variation for the Plate 2 shows the results for electrons wjth= 1.0

20 keV channel. The values between the dashed horizontaly nT—! and Plate 3 shows the results for electrons with

lines are the range ¢f chosen for this study. 10.0eV nT~'. Even a brief glance at Plates 2 and 3 reveals

an agreement between the populated regions and thelfv”

At each Polar location we convert the measured spectrurRoundaries that is remarkable, given the simple model and

to  and then interpolate to a fixed set of 10 logarithmically simple parameterization that these boundaries are based on.

spacedu values. Table 3 shows thechosen and their cor- A 1 of 1.0eV nT! (Plate 2) corresponds to an energy

responding approximate energy values at various equatoriaif ~ 125 eV at geosynchronous orbit. In general, electrons

5.1. Electron Access
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Plate 2. Average flux for electrons witp = 1.0eV nT L. See text for details.

convect in from the magnetotail from the midnight region, more clearly the classic duskside bulygdns and Williams
along equipotentials almost parallel to G3M= 0. Asthey  1984]. Fluxes outside the Aléri boundary are enhanced as
enter the region where the Earth’s corotational electric fieldconvection increases witl p, but there is always a distinct
starts dominating, they are deflected around the dawnsidérop in fluxes as one crosses the boundary. On the dayside
of the magnetosphere before drifting out toward the daysidehe region of electron depletion due to wave-scattering losses
magnetopause. On the duskside, at highier, when the  shrinks in local time: As electrons convect faster, they have
Alfv’en boundary bulge moves further in, electrons can alsa better chance of making it further around the dawnside be-
flow around dusk. fore getting scattered and lost.

At low Kp the inner edge of the Alie" boundary is lo- An interesting feature of the plots in Plate 2 is the en-
cated neab Rg. At the low values ofK'p, flux values are  hancement of fluxes seen on field lines that map near the
low globally, but any enhancements are seen only outsidelayside magnetopause. These are electrons that enter the
the Alfvén boundary. The region inside the Adivbound- magnetosphere through the cusp. Their mapping around the
ary becomes more and more depleted from noon to duskjayside magnetopause is an artifact of the T87 model field
developing a deep minimum in that region. For these slowlylines near the cusp. This feature disappears for higher, non-
convecting electrons, losses by wave-particle interaction arsolar windy (cusp energies are near 50 eV for electrons
significant since they act over a long time. at magnetic field strengths near 10 nT, givingu ~ 5

As Kpincreases, the Alfen boundary shrinks, exhibiting ¢V nT~" [Fennell et al, 1998]).
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Plate 3. Average flux for electrons witp = 10.0eV nT L. See text for details.

A pof 10.0eV nT ! (Plate 3) corresponds to an energy Kp only.
of ~ 1 keV at geosynchronous orbit. The interpretation of  The low overall fluxes can have two causes. The first
these results is the same as for Plate 2, with the only dif-cause is that there never are many ionsin mﬁange in the
ference being the position of the predicted Afvboundary, plasma sheet. A value of 1d/ nT~! corresponds to only
which for a highe is aboutl.5R g further out for allip.  ~ 125 eV at geosynchronous altitudes, well below the aver-
The agreement between the predicted Aiflboundary and  age proton temperature f 7000 eV at geosynchronous al-
access of electrons as shown in the data is again excellent.jtude as measured Borth et al.[1999]. The second cause
is that losses occur at a rate faster than the average drift pe-
riod of ions through the region. The ion A¥wn boundaries
are very similar to the electron Alén boundaries at thig,
Plate 4 shows the results for ions wjth= 1.0eV nT* as both species are dominated by the electric field drifts (see
and Plate 5 shows the results for ions with= 10.0  Section 2.1), but there is an important difference. For elec-

eV nT~!. After the excellent data/model agreement ob-trons, electric field drifts and magnetic field drifts are al-
tained for electrons the results for ions were somewhat of avays in the same direction. For ions these two drifts oppose.
disappointment. Results in Plate 4 for 20U nT! ions For low 1ty electric field drifts predominate over the gradi—
show low, uniform flux throughout the tail region as well as €nt and curvature magnetic field drifts, hence the same over-
the inner magnetosphere, with an organization of the data a@ll behavior of the boundaries as for electrons. However,
cording to the Alf¥n boundary becoming apparent at higherthe opposing gradient and curvature magnetic field drifts re-

5.2. lon access
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Plate 4.Results for 1.@V nT~! ions. See text for details.

duce the ion drift velocity. So, especially for conditions of out of visible particle boundaries.

low convection (smalkp), ions spend a prolonged time in The scenarios become more complicated as we go up to a

the inner region, exposed to the loss processes acting therg of 10.0eV nT~! shown in Plate 5. The Aligh boundaries

These loss processes, which for ions are mainly loss due tRere show the transition between the stagnation point being

charge exchange, depend on a range of interaction cross seg-dusk (same as electrons) to being at dawn. The stagnation

tions which are all sensitive to the particle velocity: Low  point is a point of zero drift, which for low-energy particles

is slow, so these losses are higlok et al, 1991]. Allthese s at the point where the corotation and convection drifts bal-

effects may combine to wash out a visible particle boundaryince at dusk. For ions, d§p (convection drifts) increases,

in the data for all but the largesfp cases where convection the combinedv B and convection drifts overcome corota-

due to the cross-tail electric field has increased Signiﬁcantlysion at dusk, and ions start dr|f‘[|ng westward. This westward

thus increasing the ion drift velocity and allowing an Afv"  drift can now form a new stagnation point at dusk where it

boundary to build up before losses can dominate. opposes the convection drift. In the transition from one drift
A further complication is that HYDRA does not resolve pattern to the other one can obtain complex “banana” orbits

ion composition: The data presented here are for total ionsand multiple stagnation pointsjons and Williams1984].

all species. Drifts depend on particle charge state (see sedhis behavior is analogous to increasindV B drift) and

tion 2), so that the drift paths for higher charge state ionkeepingKp constant: This also leads to a transition of the

(He™™, 0" ™) are very different and contribute to washing stagnation point.
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However, the agreement between the data and the innepJasma analyzer MPAMicComas et a).1993], which has
closed Alfven boundary is quite good for all but the lowest been flown by Los Alamos National Laboratory on several
Kp cases, for which the arguments above apply. Interestingoncurrent satellites in geosynchronous orbit since 1989.
to note is the very deep access of these ions compared to tiighe energy range for electrons and ions extends from
sameu electrons. leV q 1to~1eV q 1. For their study a reduced data set

of spin-averaged data from three satellites for the year 1996
was used.

TheKorth et al.[1999] study (Plates 6 and 8) is limited to

In order to validate the HYDRA results in this study we geosynchronous orbif(near 6.6) and shows the results as a
can form a geosynchronous “slice” through our data andunction of local time and<p for various particle energies,
present it in an analogous form to the studyKiyth et al.  which approximate to the sameat all local times. This
[1999]. This is a useful exercise not only as a consistencyorm of data display is useful in showing the range of local
check but also to validate the many assumptions made in thiémes that a particle of a given energy at tliahas access
analysis of Polar data and their mapping/byo the equa- to, for all K'p. The color plots for the various energies each
torial plane. Plates 6 and 7 show the comparison betweehave their own linear scaling.
the results oKorth et al.[1999] and our study for electrons The Polar HYDRA results (Plates 7 and 9) are for a slice
while the ion comparison is given in Plates 8 and 9. through the data fof, = 6 to 7 and are binned by magnetic

The study byKorth et al. [1999] uses data from the

5.3. Geosynchronous Comparison



12

1200

600

Kp Index

2.2E+04

1.1E+04

Kp Index

4.4E+04

2.2E+04

Kp Index

12

6

18 24
Local Time [h]

Friedel et al.

10472 eV
3 6800
3400
0
3.4E+04
>
(¢b]
-
1.7E+04 ‘_w
‘n
N
o
0 | S|
9.0E+04
4.5E+04
0

18 6 12

24
Local Time [h]

Plate 6. Geosynchronous electron results fréorth et al.[1999]. See text for details.

local time (MLT) using omni directional data. Since the en- each plot. The white diamonds on the HYDRA plots cor-
ergy channel assignment changes for HYDRA over time, weespond to the boundary calculation using feynard and
always interpolate the energy spectrum to a range of fixedChen[1975] electric field model for a shielding exponent of
energy channels. Fluxes are not corrected to the equator. A} = 2, which corresponds to the white dash-dot-dotted line
color plots use the same logarithmic scaling for each speciesn the Korth et al.[1999] plots.

The energy channels used Kprth et al.[1999] and in

In comparing the electron and ion results for both studies,

our study are slightly different. We show the results for theseveral general comments can be made:

HYDRA channel nearest to the channels usebsth et al.
[1999] in the same position on the respective plots.

Even though the color scaling of the plots frdtorth
et al. [1999] and our plots differ, the actual boundaries in
the data show up clearly. The intersections of the &ifv”
layers with geosynchronous orbit for dlp are shown on

1. The agreement between the two data sets is excellent.
Comparing each data set to the predicted athboundary
shows the same degree agreement.

2. Eventhough the Polar measurements come from much
higher magnetic latitudes (ne2° for this time period) and
the particles measured never h&@ equatorial pitch an-
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gles, they organize in the same way as geosynchronous dasalts match up to the geosynchronous results so well. There
do. This supports the assumption made in section 4.2 whiclre thus enough Polar data to illuminate the trends. This in-
uses the drift trajectories 80° equatorial pitch anglg par-  dicates that the organization of the data by AliMayers is
ticles as representative for all pitch angles. not only a statistical result that emerges by averaging a large
3. The Polar data show much more scatter compared tumber of data.
the geosynchronous data, which is no surprise given that the The geosynchronous results for the highest-energy elec-
geosynchronous data are based on 1 year's worth of dataons ¢~ 10 keV) in Plate 6 and 7 show a clear deviation
(1996) from three different geosynchronous satellitesl(  between data and the predicted Afvboundaries. This has
million data points Korth et al, 1999]) while Polar crosses been attributed to an energy-dependent shielding expgnent
the geosynchronous-shell 4 times an orbit ox 5500times by [Korth et al, 1999], which indicated that higher-energy
for the period considered here. channels are best fit by boundaries fit by the Gussenhoven

4. What is more of a surprise is that given the data densityy = 3 model.
ratio of ~ 180:1 between the two studies, that the Polar re- The geosynchronous results for the lowest-energy ions
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Plate 8. Geosynchronous ion results frdforth et al.[1999]. See text for details.

(1-9 eV) in Plate 8 show the opposite effect of where par-cal comparison of data to theoretically predicted plasma ac-
ticles are present compared to higher energies: Low fluxesess boundaries in the inner magnetosphere. While the sim-
outside of the Alf€n boundary, high fluxes inside. This is ple drift paradigm used here is one of the earliest pictures
due to a different source population for these energies (seef particle motion in the Earth’s magnetosphere, we have
section 2.2). These cold energies have their source in thenly now been able to test this paradigm thoroughly against
ionosphere, and trapped orbits are needed for significant flugata. The preceding study Iorth et al.[1999] explored
build up. HYDRA does not have the energy range to corrobthe access conditions applied only to geosynchronous orbit.
orate these results. This study has expanded this test to the whole of the inner
magnetosphere. We have shown excellent agreement for the
experimental electron boundaries with the predicted édifv”
boundaries, and while the agreement for ions has not been

The Polar database is now large enough to provide comas dramatic, the results can be understood in the framework

prehensive coverage of the plasma sheet particles in the innéf the same paradigm.
magnetosphere below ¥&;. We have shown here a statisti-

6. Summary
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Plate 9. Geosynchronous slice from Polar HYDRA for ions. See text for details.

The results from Polar HYDRA have shown that elec-to the magnetic field drifts, but this will be the subject of
tronsintherange qf = 1-10 nT/eV are sensitive tracers another paper.
for the plasma access boundaries. The theoretical bound- while the simple corotation plus convection field model
aries depend on both a magnetic and electric field modelysed here might not be able to describe detailed or local-
so the data boundaries are a direct test for these modelged field structures or their temporal evolution, it has cer-
Magnetic field models are a good representation of avertainly been shown that in a broad statistical sense the model
age magnetospheric conditions, since they are based onj@ valid, and moreover, the simple parameterization of the

large amount of data; the same cannot be said for electrigross-tail electric field bysp found byMaynard and Chen
field models. Taking the magnetic field models as “rela-[1975] is valid.

tively good,” this then makes the data boundaries observed
and their fit to the predicted Aleri boundaries a test of the
electric field model used. The low used in this study are
well suited for this, as electric field drifts predominate for  Electrons are very well organized by simple theoretical
these particles. Higher-energy particles are more sensitivalfyen boundaries. As decreases, electrons can penetrate

6.1. Electron Results
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deeper into the magnetosphere. &g increases, the Alleri  and to ask more detailed questions: How fast do the parti-
boundaries move closer to Earth, also allowing deeper aceles follow the boundaries on activity transitions (Ié6%p —

cess. Allp show increasing losses as they drift toward thehigh Kp and vice versa)? At each activity level, what is the
dayside. The longer the electrons drift, the more they camjuantitative loss rate of particles drifting through the mag-
be lost by wave-particle interaction. At high&ip particles  netosphere? A further extension of this work is to include
have higher convection velocities and can drift around thdon species in the same analysis, since Polar has excellent
dayside further, since they spend less time exposed to lossesomposition coverage over a wide energy range.

The Kp dependence of Alfen boundaries agrees very
well with data. Electron access is therefore primarily = Acknowledgments. The HYDRA results of this paper are the
controlled by large-scale dawn-dusk electric fields, whichresults of NASA funding under grant NAG 5 2231 and German
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